Tabulations are presented of relativistic Hartree·Fock atomic form factors F (x,Z), for values of x (= sin(O 12)/1..) from 0.01 to 10 9 A -1, for all elements Z-1 to 100. For Z= 1, F(x,Z) by F2(x,Z) , are presented for all ele'ments 2=1 to 100, for photon energies 100 eV (11.= 124 A= 12.4 nm) to 100 MeV (11.=0.000 124 A= 12.4 fm). Departures from the nonrelativistic coherent scattering cross sections tabulated in J. Phys. Chern. Ref. Data 4, 471 (1975) are less than 1 % for Z ,;; 20. However for a high.Z element such as lead, for example, the relativistic coherent scattering cross section is systematically higher by less than 0.4% below 1 keY, by 8% at 100 keY and by 13% above 1 MeV.
Introduction
quantities include coherent (Rayleigh) scattering, pair produc. tion and bremsstrahlung cross sections required in such diverse applications as medir.al x-ray te~hnol{)gy, power rf~a~ tor shielding, industrial radiation processing and analysis of nuclear physics experiments. A previous paper in this journal [6] presented tables of nonrelativistic atomic form factors F(x,Z) and incoherent scattering functions S(x,Z) extending over the range 0 « x < 10 literature [7] [8] [9] [10] [11] [12] . Reference [6] contains an extensive review of form-factor theoretical models, also graphical comparisons with available measurements which will not be repeated here.
The use of non-relativistic F(x,Z) values for the tables in reference [6] , rather than the accurate relativistic values, was for the following reasons:
(a) The two available systematic calculations of relativistic and S(x,Z), respectively, are frequently used additively (e.g., coherent plus incoherent scattering cross sections), a partial cancellation of errors from neglect of relativistic effects might be expected in such sums if this neglect were applied consistently. It has since been noted, however, that this partial cancellation of errors, at least in the case of photon interactions, is of less significance than the relativistic-nonrelativistic differences, due to the greater sensitivity of the total cross section to F(x,Z) values than to S(x,Z) values used in computing cross sections for the individual interactions. Hence the above consistency justification (b) for use of nonrelativistic F(x,Z) values is seen to be no longer valid. As a result of the considerations discussed above, relativistic, increased-grid form factor tables, composited, interpolated and extrapolated from the literature including the newlyavailable work' of 0verb6 [13, 14] , are here offered as a replacement for the form factor tables in reference [6] . Similarly, tables of integrated coherent (Rayleigh) scattering cross section values, computed for photon energies 100 eV to 100 Me V using the above relativistic form factors, are also presented to replace the non-relativistic coherent scattering cross sections calculated and tabulated in reference [6] .
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Physical Constants; Units; Notation
The physical constants included in the following listing are unchanged 2 from those in the more' extensive listing given in reference [6] : c velocity of light = 2.99792458 . 
+ cos20)[F(x, Z)]2 d(cos8) (4)
where
a=(I-[F(x, Z)/Z])/x 2 ,
solved for x=O.OI A -I, may yield more accurate F(x, Z) values than some interpolation schemes. The source data for the different x-and Z-regions in table I are as follows:
(a) For hydrogen, all F(x,l) values 0<x<I0 9 A-I were computed from the exact expression of Pirenne [10] ( 7) for neutral atomic hydrogen, in which l1{) is the first Bohr radius (0.52917706 A). Hence the present (table I) hydrogen Z) values are identical with those listed in the main tables in reference [6] . Reference [6] also includes F(x, Z) tables for molecular and bonded hydrogen, based on the work of Stewart et al. [22, 23] , which differ from the Pirenne [10] values by amounts ranging up to 40%.
(b) For all elements Z=3 to 98 and for 0<x<2:0 A-I the F(x, Z) values are taken from the tabulation by Cromer and Waber [2] in the International Tables for X-Ray Crystallography (Vol. IV, 1974) . A log-log quadratic extrapolation procedure was then used to extend these F(x, Z) values to include the elements Z=99 and 100.
The Cromer and Waber [2] F(x, Z) tables, in turn, were taken in part from the results of Doyle (8) which assumes spherical symmetry for the atom and in which p(r, Z) is the total charge density, as a function of the radial distance r from the nucleus. The charge densities p(r, Z) were obtained from a relativistic Hartree-Fock (RHF) atomic wave function calculation programmed by Coulthard [24] .
For the remaining elements 39<Z<98 not included in the above Doyle-Turner [1] work, Cromer and Waber [2] calculated F(x, Z) values using RHF wave functions of Mann [25] . The Mann r251 wave functions differ slightly from those of Coulthard [24] in that the effect of a finite rather than a point nucleus has been included. However, according to Cromer and Waber [2] , differences between F(x, Z) values 'calculated from the point nucleus treatment and from the more exact finitenucleus treatment are negligible. 
F(x, Z)= ~ ai(Z) exp (':'-bi(Z)x2) + c(Z),
i=1 0<x<2.0 A-I (9) for which Cromer and Waber [2] [13, 14] integration procedure for eq (8) , to avoid cancellation errors due to rapid oscillations of the factor sin (47Txr) for high x, consisted of (a) numerical Simpson integration over the interval 0 < r < 0.5 ao (where G{) =5.2917706·
2) at the integration mesh-points were obtained by log log quadratic interpolation from values listed in table I, except for the ~egion 0 < x < 0.01 A -1 where eq (5) was used in preference to interpolation. Table III lists percent differences between the present relativistic Hartree-Fock F(x, Z)RHF values in table I from the non-relativistic Hartree-Fock F(x, Z)HF values in reference [6] for ten elements Z= 1 to 92 for x=O.Ol, 0.1, 1, 10, and 10 A -t, Large relativistic effects of the order of 10% to 40% are seen for high-Z elements for x ?: 10 A-I. The 11.96% difference at x= 10 A -1 for Z=8 results from a fictitious oscillation in the reference [6] input data [8, 9] . Table IV similarly presents percent differences between the integrated relativistic Hartree-Fock coherent scattering cross sections (T~~l (£, Z) in table II and the non-relativistic values (T~h (£, Z) given in reference [6] for seven photon energies 100 eV to 100 MeV, for the same ten elements as in table III.
Discussion
For high-Z element:5 and E ~ 100 keY, the :systematic amI substantial relativistic effects on F(x, Z) for high-x arguments in table III are seen to propagate to 5% to 20% differences between (T~~l (E, Z) and (T~h (£, Z), or approximately onehalf the respective F(x, Z) percent differences.
The effect of the (T coh percent differences in table IV on the total attenuation coefficient (including photoeffect, Compton scattering and, above 1.022 Me V, pair production cross sections; see, e.g. [34] , amounts to less than 0.1% for Z; 5 29 and less than 0.3% for Z S 50. However, for a high-Z element such as lead (Z = 82), the percent change in theoretical pJ p compilations, due to relativistic effects in (T coh, rises to a peak value of 0.9% at ,..,.., 400 keV, decreasing to less than 0.1% below 20 ke V and above 3 Me V.
Estimates of uncertainty for the F(x, Z)RHF values in table I vary widely. Two types of uncertainties, differing considerably in magnitude, results from (a) errors due to the free-atom assumption and (b) limitations of the atomic model. ' (a) Free-atom assumption: Cromer and Waber [2] , comparing their results with available measurements, mention discrepancies "of the order of several percent" for some metals, including aluminum, iron and copper, but "excellent agreement" between calculated and measured F(x, Z) for inert gases where the free atom assumption is valid. The graphical summary of measured data in [6] suggests uncertainties "of the order of several percent" based on the spread of the data points, particularly for x ~ 10 A-I. For higher x-values the uncertainties should decrease as the contribution to F(x, Z) from valence electrons becomes small. These estimates are consistent with the "overall agreement between theory and experiment of the order of 5%" (for heavy elements) noted by Schumacher and Stoffregen [35] comparing Schumacher et al. [36] [37] [38] measurements with recent calculations by Kissel and Pratt [39] based on second-order perturbation theory [40, 41] .
(b) Limitations of the atomic model: The Hartree independent-particle model is the basis for all the works from which the present F(x, Z) values (table I) have been composited, hence electron-correlation effects have been neglected. Tseng et al. [42] point out that F(x, Z) is rather insensitive to electron correlation effects, at leaot for the clements Z = 2 to 6 for which such effects have been studied by Kim and Inokuti [43] and by Brown [11] . That is, although electron correlation effects on the incoherent scattering function S(x. Z) can be as high as 20-30% (Z = 5, x <; 0.1 A -1), such effects on the atomic form factor F(x, Z) were found to be ~ 1 % or less.
Weiss [44] also estimates the errors in F(x, Z) due to neglect of electron correlations to be ""' " 1 %. He points out that the ....., 10% independent-particle-model errors in the Hartree method are reduced to ,..,..,1% in the Hartree-Fock method as a result of changing the formulation of the total wave function from a simple product (Hartree) to a single determinant (Hartree-Fock), in which error-cancellations occur.
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